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Abstract 
Context: Designing usable products is important providing a competitive edge through user 
satisfaction. A first step to establish or improve a usability process is to perform a process 
assessment. As process assessment may be costly, an alternative for organizations seeking for 
lighter assessments, especially small organizations, may be self-assessments. Self-assessments 
can be carried out by an organization on its own to assess the capability of its process. Although 
there are specific assessment methods to assess the usability process, none of them provides a 
self-assessment method, nor has been developed considering the specific characteristics of small 
organizations. 
Objective: The objective of this research is to propose a method for self-assessing the capability 
of the usability process in small organizations. The method consists of a usability process 
reference model, a measurement framework, an assessment model, and a self-assessment 
process supported by an online tool. 
Method: Based on systematic mapping studies on usability capability/maturity models and 
software process self-assessment methods, we identified the specific requirements of such a 
method. The UPCASE method was systematically developed using a multi-method approach 
based on the ISO/IEC TR 29110 and ISO/TR 18529 standard. The method has been applied and 
evaluated with respect to its reliability, usability, comprehensibility and internal consistency 
through two series of case studies. 
Results: The proposed method enables small organizations to assess their usability process. 
First results indicate that the method may be reliable. Feedback also indicates that the method is 
easy to use and understandable even for non-software process improvement experts.  
Conclusion: The UPCASE method is a first step to the self-assessment of the usability process 
in small organizations supporting the systematic establishment and improvement of the usability 
process contributing to the improvement of the usability of their software products.  
Keywords: self-assessment, software process assessment, usability process, small organization 
 
1. Introduction 
Software applications nowadays are present in a diverse range of devices, such as computers, 
tablets, mobile phones, home appliances, etc. for numerous kinds of activities, from researching 
a health condition and entertainment to accessing educational resources [1]. Such changes have 
a significant impact on the nature of user interaction, as they offer new ways of interaction 
anywhere, anytime by anyone [2,3]. In this context usability becomes an important software 
quality attribute [2–5]. 
Usability is the extent to which a product can be used by specific users to achieve specific goals 
with effectiveness, efficiency and satisfaction in a specific context of use [6]. Usability flaws 
may impede the users to complete their tasks or annoy them when interaction is designed 
unnecessarily complex or time-consuming [7]. Furthermore, in critical contexts, such as health 
applications, usage errors may compromise patient safety leading to injury or even death [8]. On 
the other hand, investing in usability by designing software through a user-centered design 
process can reduce overall development cost by avoiding rework at late stages in the lifecycle 
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[9] and speed up development [10,11]. Moreover, usability can provide a competitive edge 
increasing sales and retaining customers, increasing user satisfaction and software acceptance 
[12,13]. Thus, the question is: how to develop software applications with usability? 
As any other product quality, usability is directly influenced by the software process [14,15], 
and, therefore, it is important to define and implement an appropriated usability process [16]. To 
guide the definition, implementation and improvement of software processes, typically 
capability/maturity models (SPCMMs), such as CMMI [17], and the ones based on  ISO/IEC 
15504 [18] or ISO/IEC TR 29110 [19] are used. SPCMMs aim at supporting organizations to 
define and continually improve their process using best practices. One way for an organization 
to start a software process improvement (SPI) program is to perform a process assessment in 
order to elicit the gap between its current practices and the ones indicated by a process reference 
model [20,21]. The result of such an assessment is an indicator of how well the organization's 
processes meet the requirements of the process reference model [22] and, thus, identifying 
improvement opportunities. 
Besides generic SPCMMs intended to be applicable in any context, there is a trend to  
customize such models to target more specifically certain contexts [23]. Customized models 
may provide specialized support by adapting process requirements and/or providing further 
support for their application, for example, through low cost assessment methods or reducing the 
need for documentation [17,24,25]. However, considering that usability is an important software 
product quality characteristic, it seems that neither generic SPCMMs nor customized SPCMMs 
include processes specifically aiming at usability [26]. This means, that, even software 
organizations at the highest level of maturity seem not to be required to have established any 
usability process [27].  
In order to solve this issue, SPCMMs focusing exclusively on usability processes were 
developed (such as UCDM [28], ULMM [29], UMM-P [30]) [26,31]. Most of these models are 
based on consolidated SPCMMs, such as the ones provided by CMMI or ISO/IEC 15504. These 
models propose or reference a measurement framework, but only few ones define a proper 
process reference model. Although these models specify high-level requirements to the usability 
process, they seem not to provide enough information on how to implement them in practice, 
which may hinder a large-scale adoption. And, although such SPCMMs are supposed to be 
applicable in any kind of context, it remains questionable, if they are also valid, reliable and cost 
efficient in current software development contexts due to a lack of application and validation of 
these models [26,31].  
Furthermore, besides the popularity of the capability/maturity models, they are mostly applied 
in large organizations, not becoming popular among small organizations (with less than 50 
employees) and/or agile enterprises [32]. This may be due to their detailed assessment 
procedure requiring considerable effort with significant costs, making their adoption often 
impossible for small organizations [20,33–39]. Requiring less complex and more agile 
assessments, lighter assessment methods are developed in form of self-assessments. Self-
assessments are the most common approach to conduct a software process assessment in 
organizations that do not aim for certification [40]. Carrying out a self-assessment can bring 
many benefits when compared to other methods such as less intrusion on the organization’s 
work routine, being a quick and inexpensive way to assess a process [38,40, 56]. As self-
assessments use the organization's own human resources and are less bureaucratic, they enable a 
more simplified way to perform a process assessment which can be performed in a shorter 
period of time with fewer resources [38,42]. In addition, in organizations where capability is a 
new concept, self-assessments allow an easy way to improve a process [43], as they do not 
significantly intrude the daily routine of the organization. Self-assessment is also effective in 
generating an "ownership feeling" among managers regarding the process quality, as it forces 
them to examine their own activities [43,44]. 
Despite these benefits, self-assessments are not without shortcomings. Organizations using self-
assessments found difficulties in planning the assessment and allocating human recourses to 
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lead and execute them. Another difficulty is the scarcity of literature regarding the "best" 
approach to perform a self-assessment, as there is no guidance on which self-assessment method 
organizations should use [45]. Another concern when performing self-assessment is often the 
absence of competent assessors. As the assessors in self-assessment are not necessarily experts 
in software process assessment and may not be familiar with SPCMMs, there is a considerable 
risk of misinterpretation of the attributes to be assessed, which may impact the validity of the 
results of the assessment [43]. Therefore, data collection instruments used in self-assessments 
must be explanatory in a way that non-experts may understand the items to be measured 
sufficiently to correctly judge their degree of performance, e.g., preventing to wrongly 
considering a Gantt chart to be a project plan. Furthermore, the response scale has also to be 
defined carefully, as assessors in self-assessment may not have sufficient experience to correctly 
differentiate the degree of achievement of an item on a finer grained scale [46], e.g., deciding 
between partially and largely achieved. Thus, if two or more points on a scale appear to have the 
same meaning, respondents may be puzzled about which one to select, leaving them open to 
making an arbitrary choice [47]. In order to minimize the assessment effort, data collection 
instruments should also be comprehensive enough to measure the essential information, but at 
the same time be succinct enough to encourage their completion. 
With a trend to develop self-assessment methods specifically for small and medium enterprises, 
several methods to self-assess the capability of the usability process have been developed. Most 
of them are based on consolidated models, such as CMMI or ISO/IEC 15504 [48]. In general, 
they use simplified assessment processes, focusing on data collection and analysis. Most of the 
methods propose to collect data through questionnaires to be answered by managers or other 
team members related to the process being assessed. However, so far there does not exist a self-
assessment method that covers specifically the assessment of the usability process in small 
organizations [48].Therefore, this article present UPCASE – a self-assessment method for 
assessing the capability of the usability process in small organizations in accordance with 
ISO/IEC TR 29110. 
2. Background 
2.1.  Usability process  
Usability engineering is the application of systematic, quantifiable methods to the development 
of interactive software systems to achieve high quality in use [49]. It is generally concerned 
with human-computer interaction and specifically with the development of human-computer 
interfaces that have high usability or ease of use. Usability engineering provides structured 
methods for achieving efficiency and elegance in interface design [50], adapting the general 
components of software engineering to provide an engineering process to develop products with 
interfaces that have good usability. 
This process, denominated as usability process, serves as a model for developing high usability 
interfaces, such as specified by ISO/TR 18529 [51] providing a formalized definition of the 
processes described in ISO/IEC 13407 [52], in order to make it accessible to process 
assessment. Figure 1 provides a general overview of the usability process reference model and its 
(sub-)processes [18].  
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Figure 1. Human centered design process (Source: (ISO/IEC, 2000)) 
 
2.2. Process Improvement and Assessment 
In any process improvement program, it is essential to identify the organization's real problems 
and improvement opportunities that effectively bring benefits. In this way, process assessment 
is among the first activities when starting a process improvement program [53]. Process 
assessment is a disciplined assessment of the processes of an organization against a process 
reference model compatible with a process assessment model [18]. ISO/IEC 15504 [18] 
presents an assessment framework that defines the elements necessary to carry out a process 
assessment. Following ISO/IEC 15504, the framework for conducting assessments, called 
assessment method, includes a process reference model, a measurement framework, an 
assessment model, as well as an assessment process. CMMI, on the other hand, defines the 
references model as part of the assessment model [17]. 
The process reference model describes a process life cycle, defining its purposes, process 
outputs and the relationships between them [18]. Typically, reference models are refined into 
activities [54] or base practices [55] that should be carried out, so the process might achieve its 
goal. Processes can be grouped into process areas, a group of related practices that when 
implemented satisfy important goals for making improvement in that area. Sometimes process 
areas are presented as dimensions or categories, which represent key elements of the process 
[17].  
The measurement framework provides a base for rating the capability of processes and/or the 
maturity of the organization, based on their achievement of defined process attributes. It 
typically includes: process attributes, a rating scale and a capability/maturity scale [18]. A 
process attribute represents measurable characteristics, which support the achievement of the 
process purpose and contribute to meeting the business goals of the organization [18]. A rating 
scale typically is an ordinal scale to measure the extent of the achievement of a process. The 
capability scale is composed by capability levels and represents the capability of the 
implemented process in increasing order, from not achieving the process purpose, to meeting 
current and projected business goals [17]. The maturity scale characterizes the maturity of the 
organization and each level builds on the maturity of the level below (Figure 2). Capability and 
maturity levels are typically represented using a staged or continuously scale system. The 
continuous representation uses capability levels to characterize capability relative to an 
individual process area. A staged scale represents the maturity level of the organization's 
processes. Each maturity level is comprised of a set of process areas. To reach a certain maturity 
level, the set of process areas must met a certain capability level [17].  
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Figure 2. Examples of continuous and staged scale (adapted from SEI (2010)) 
The assessment process is a set of activities that must be performed to conduct an assessment 
[56]. It contains activities such as planning, data collection, data validation, process attribute 
rating and reporting [18], defining also their inputs and outputs (Figure 3). Each activity can be 
performed by adopting specific techniques (such as interviews, workshops, meeting with 
stakeholders, presentations) and using specific tools (such as spreadsheets, templates or 
software systems).  
 
Figure 3. Components of the assessment framework (ISO/IEC 2004) 
There are basically two ways for performing process assessments: as an independent assessment 
performed by a team external to the organization, or as a self-assessment performed by a team 
internal to the organization being assessed [18]. Self-assessment is performed by an 
organization to assess the capability of its own process. Assessors of a self-assessment are 
usually member of the organization [57]. A convenient way to conduct an assessment is to 
interview staff who executes the process and review related documentation. The assessment 
result is usually reserved for internal use in order to support process improvement [41].  
3. Methodology 
We adopted a multi-method approach for this research as presented in Figure 4. 
 
6 
 
 
Figure 4. Research methodology 
Initially, we preformed systematic mapping studies following the procedure proposed by 
Petersen [58] in order to synthesize the state of the art with respect to existing usability 
maturity/capability models [26] as well as software processes self-assessment methods [48]. 
Based on these overviews, we started the development of the usability capability self-
assessment method by analyzing the context and eliciting and analyzing requirements with 
respect to the method. Based on the standard ISO/IEC TR 29110 [19], we modeled the structure 
and elements of the method. The development of the usability process self-assessment method 
has then been done in several steps:  
2.1 Development of the process reference model. The reference model is developed based on 
the state of the art following the methodology for customizing SPCMM as proposed by Hauck 
[59]: 
 Knowledge identification aiming at the familiarization with the domain and the 
characterization of the context for which the assessment method is being customized, defining 
its scope and objectives. 
 Knowledge specification developing a first version of process reference model. 
 Knowledge refinement evaluating and consolidating the process reference model. 
2.2 Development of the measurement framework. The measurement framework defines an 
ordinal scale for the assessment of the process capability. It is developed by adopting the 
Goal/Question/Metric (GQM) approach [60] and following the questionnaire design guide 
proposed by Kasunic [61]: 
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 Generation of a set of items by systematically decomposing the process reference model into 
questionnaire items. 
 Determination of the response format for the data collection instrument items based on 
existing measurement frameworks and taking into consideration requirements for self-
assessment methods. 
 Evaluation of the face validity of the questionnaire items through an expert panel as proposed 
by Beecham [62] using the feedback from the experts to improve the draft model. 
2.3 Development of the process assessment model. The process assessment model is 
developed in compliance with ISO/IEC TR 29110-3 and defines the scope and indicators based 
on the UPCASE process reference model and measurement framework.     
2.4 Development of the self-assessment process based on the process of empirical studies as 
proposed by Wohlin [63]. The process is modeled in a prescriptive way defining how the self-
assessment process should be executed [64]. The self-assessment process is represented by 
using the Business Process Modeling Notation (BPMN) [65]. 
2.5 Development of an assessment tool in order to support the usage of the self-assessment 
process. The tool is developed following a waterfall development process [66]: 
 Requirements analysis: based on the defined process, functional and non-functional 
requirements of the tool are defined and use cases are described.  
 Design: the architecture of the tool is modeled, and the design of the user interfaces is 
prototyped.  
 Implementation: the tool is constructed as a web-application. 
 Test: throughout its development the tool is being tested on different levels, including system 
tests to ensure that all requirements have been met.  
We, then, applied and evaluated the usability process self-assessment method in terms of 
reliability, usability, comprehensibility and internal consistency: 
3.1 Definition of the evaluation. The evaluation is systematically defined using GQM through 
a series of case studies [63], in which small organizations applied the UPCASE method in order 
to assess the capability of their usability process. As part of this step the evaluation objective, 
measures and data collection has been defined.  
3.2 Application and data collection. We performed two types of cases studies: unobserved 
case studies, in which the assessment has been performed remotely without the observation of a 
researcher collecting data via the UPCASE tool; and observed case studies, in which the 
assessment has been performed by the organizations themselves, with a researcher observing, 
who also performed an independent assessment.  
3.3 Data analysis. To analyze reliability, we performed a concordance analysis using the 
Weighted Kappa coefficient [67], as well as the analysis of the intraclass correlation coefficient 
[68]. The intraclass correlation coefficient is often applied for assessing the consistency or 
reproducibility of quantitative measurements made by different observers measuring the same 
quantity [68]. However, considering only the results of the evaluations, this coefficient does not 
allow to evaluate agreement. Weighted Kappa coefficient, on the other hand, is a widely used 
index for assessing agreement between raters. When the rated categories are ordered or ranked, 
then a weighted kappa coefficient is computed, considering the different levels of disagreement 
between categories. Usability and comprehensibility of the UPCASE method were analyzed 
based on the qualitative feedback from the participants of the case studies and the observations. 
The results of the self-assessments and the researcher’s assessment are compared to analyze the 
internal consistency in UPCASE questionnaire. Internal consistency was analyzed using 
Cronbach's alpha [69].  
4. Requirements to a Self-Assessment Method for Assessing the Usability Process 
in Small Organizations 
In addition to the small number of employees, small organizations have other characteristics 
that make their needs and way of working unique. Small organizations  often do not have 
enough staff to develop specialized functions that would enable them to perform complex tasks 
or develop secondary products [70,71]. Also, in general these organizations do not use formal 
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processes and, therefore, may have many problems to complete their projects under time and 
cost constraints [72]. The limitation of financial resources presents many consequences, as it 
hinders the hiring of specialists and the training of employees; and complicates the execution of 
processes improvement programs, which typically require a considerable amount of time and 
money  [71–74]. These particular characteristics of small organizations directly impact on how 
they assess and improve their software processes. As a consequence their main motivation to 
implement software process improvement may not be to obtain a certification, but rather to 
make the organization’s process more efficient and effective [70,75].  
These characteristics may lead small organizations  to use light assessment methods that can be 
used with the resources (human and non-human) that are available, carrying out the assessment 
within reasonable time with low cost [42,70,71,73]. Methods that are publicly available and 
being supported by tools that (semi-)automate and/or support assessment steps are preferred 
[73,74,76]. The lack of specialized SPI professionals in small organizations makes it necessary 
to use methods that can be used by non-experts [70,76]. Therefore, it is important that the 
assessment method provides access to a detailed definition of the process reference model and 
the assessment model, with descriptions of process purpose, process outcomes, capability levels 
and process attributes [19]. This also applies in relation to the usability process, as small 
organizations generally present a low level of maturity and little knowledge about relevant 
usability concepts and standards [77–80]. Another reason that makes process assessment less 
attractive to small organizations  is the difficulty of understanding and implementing them in 
practice [36,81]. This fact leads many organizations to seek even more for simplicity of 
processes and as result they are increasingly attracted to agile methods. Considering this, those 
agile approaches should be incorporated into any potential process assessment method [20].  
In order to develop an effective and efficient method for self-assessing the usability processes in 
small organizations, we elicitated a set of requirements (Table 1) based on requirements for 
software/usability process assessment methods, self-assessment and characteristics of small 
organizations found in literature. 
No. Requirement Element Source(s) 
1 The method should allow a fast-internal assessment. Method [42,72,73,79] 
2 The method should allow getting a snapshot of actual processes. Method [73] 
3 The method should be of low cost. Method [20,42,72–74,76] 
4 The method should provide the necessary tools (including tools for 
(partial) automation, eliminating laborious manual work and extensive 
documentation). 
Method [20,42,73,74,76] 
5 The method should be based on already established SPI standards that 
are widely recognized. 
Method [20,42,70,76,82]  
6 The method should not require staff to have prior SPI experience, 
specific software engineering knowledge nor require the involvement of 
external experts. 
Method [19,20,42,70,76] 
7 The method should provide accesses to a detailed definition of the 
process reference model and the assessment model, with descriptions of 
process purpose, process outcomes provided by the PRM and capability 
levels and process attributes. The rating scale needs to be supported by a 
comprehensive set of indicators of process performance. 
Method [20,42,76] 
8 The method should be public available. Method [20,42,76] 
9 The method should support the identification of improvement 
suggestions. 
Method [20,42,76] 
10 The process assessment should guide the activities that need to be 
performed in an assessment. It should provide a clear definition of roles 
and their responsibilities and a detailed description of the self-
assessment process, with recommendations that are easy to understand. 
Assessment Process [19,20,42,73,74,76,80] 
11 The process assessment should require few resources. Assessment Process [72,74] 
12 The process assessment should consider the views of the team while 
indicating what needs to be improved. 
Assessment Process [70] 
13 The process assessment and measurement framework should facilitate Assessment Process / [39,70] 
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self-assessment. Measurement framework 
14 The measurement framework should provide a basis for use in process 
improvement and capability determination. 
Measurement framework [39] 
15 The measurement framework should take into account the context in 
which the assessed process is implemented. 
Measurement framework [39] 
16 The measurement framework should contain a process capability scale. Measurement framework [39] 
17 The measurement framework should be applicable across all application 
domains mainly for very small entities. 
Measurement framework [39] 
18 The measurement framework should provide an objective benchmark 
between organizations. 
Measurement framework [39] 
19 Processes should be light, easily implementable, representing well-
focused life cycle profiles, not requiring processes that do not make 
sense. 
Process Reference Model [73,74,83] 
20 Processes should avoid complex nomenclature, concepts and practices. Process Reference Model [19,42,77–80] 
21 Processes should be strongly human oriented and emphasizing 
communication performed face to face. 
Process Reference Model [19,77] 
22 Processes should focus on the Engineering Process group. Process Reference Model [19,42] 
23 Processes should aim at involving user in the usability lifecycle.  Process Reference Model [84,85] 
24 Processes should not impose rigorous and inflexible methods and 
practices. 
Process Reference Model [84] 
25 Practices should be simple. Process Reference Model [85] 
26 Processes should be flexible and allow iteration. Process Reference Model [79] 
Table 1. Requirements to a self-assessment method for assessing the usability process in small enterprises 
 
5. UPCASE – A Method for Self-assessing the Capability of the Usability Process 
in Small Organizations 
Based on the state of the art and with respect to the identified requirements, we developed 
UPCASE, a method for self-assessing the capability of the usability process in small 
organizations in alignment with ISO/IEC TR 29110-3 [39]. The scope of the UPCASE method 
covers the first objective of ISO/IEC TR 29110-3-1, focusing on "Assessing the process 
capability based on a two-dimensional evaluation model, containing a process dimension and a 
quality dimension of the process". The original ISO/IEC TR 29110-1 elements have been 
simplified, so that UPCASE uses only the elements necessary to achieve the first objective of 
the standard (Figure 5). 
 
Figure 5. Elements of the UPCASE assessment method (adapted from ISO/IEC TR 29110-3-1 (2015)) 
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5.1 UPCASE Measurement Framework  
The measurement framework provides a schema to be used to characterize the capability of a 
process in relation to a reference model. The measurement framework of the UPCASE Method 
is based on ISO/IEC TR 29110 and is composed of three elements: capability levels, process 
attributes and a rating scale. Capability levels are used to determine the process capability. 
Capability levels group the process attributes and define an ordinal scale of capability that is 
applicable across all processes. Considering the predominance of lower capability levels in 
small organizations, only the first two capability levels are considered (Table 2). 
Capability level Description 
Level 0: Incomplete process The process is not implemented or fails to achieve its process purpose. At this level there is 
little or no evidence of any systematic achievement of the process purpose. 
Level 1: Performed process The implemented process achieves its process purpose. 
Table 2. Process capability level description (ISO/IEC TR 29110) 
Process attributes (PA) are measurable characteristics of the process capability that are 
applicable to any process. No process attributes are allocated to Capability level 0, 
characterizing an incomplete implementation of the process. Capability level 1 is characterized 
by one process attribute PA 1 Performance. This attribute is a measure of the extent to which 
the process purpose is achieved. The rating scale is a defined ordinal scale of measurement used 
to measure the extent of achievement of a process attribute, adapted from ISO/IEC TR 29110 by 
unifying the levels Partially achieved and level Largely achieved in order to simplify the rating 
process, making it easier for assessors to differentiate between rating levels [46]. Thus, 
UPCASE’s rating scale is composed of the levels: N- Not achieved 0 to 15% achievement; P- 
Partially achieved >16% to 85% achievement; F- Fully achieved >86% to 100% achievement. 
The process profile (to determine the process capability level) is generated as defined by 
ISO/IEC 15504 and ISO/IEC TR 29110. The percentage of the process attribute achievement 
(PPAA) is calculated based on the process indicators rating:  
Formula 1: PPAA = ( process indicator rating / nº process indicators * 2)*100. 
5.2 UPCASE Process Reference Model 
The purpose of the Process Reference Model (PRM) is to define the usability process in terms 
of purpose and outcomes. Again, we defined the PRM in compliance with the structural 
definition given by ISO/IEC TR 29110-3 specifying the process purpose and process outcomes. 
Considering that small organizations typically need simpler processes (REQ 19) in the context 
of small and less complex projects [86], we based the development of UPCASE’s PRM on 
ISO/TR 18529, since it focuses on technical process (REQ 22). As result, the UPCASE PRM 
includes four categories as defined in ISO/TR 18529. Taking into consideration the 
requirements identified in Section 4, further adaptations have been done to customize the PRM 
to the specific characteristics of small organizations. Considering REQ 22, 3 processes from 
ISO/TR 18529 were not considered:  HCD 1, HCD2 and HCD 7. HCD 1 and HCD 2 were 
excluded, as they deal mainly with management and business strategy practices, not focusing on 
technical practices. On the other hand, the HCD 7 process was excluded, as it deals with the 
implementation and support of the system practices that are generally not a responsibility of a 
small organization.  
In total, 10 outcomes from ISO/TR 18529 were excluded. These outcomes have been removed 
as they are typically not in the scope of the processes of small software organizations (such as 
the responsibility of installing and operating the system) or require more advanced usability 
knowledge than the staff of small organizations usually has. The justification for excluding the 
outcomes is presented in the column Justification (marked in red) in Table 3, presenting 
separately the outcomes with respect to each of the processes.  
 
Purpose Outcome Justification for exclusion 
UP1 Specify stakeholder and organizational requirements 
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To establish the 
requirements of 
the organization 
and other 
interested parties 
for the system. 
This process takes 
full account of the 
needs, 
competencies and 
working 
environment of 
each relevant 
stakeholder in the 
system. 
Required performance of the new system regarding its operational 
and functional objectives.  
Relevant statutory or legislative usability requirements, depending 
on the system domain.  
Co-operation and communication between users and other relevant 
parties  
The users’ jobs (including the allocation of tasks, users’ comfort, 
safety, health and motivation) 
This outcome overlaps with the outcomes 
"Definition of the characteristics of the 
intended users" and "Definition and 
characterization of the tasks the users are to 
perform" from UP2. 
Task performance of the user when supported by the system 
 
Work design, and social practices and structure 
This outcome overlaps with the outcome 
"Definition and characterization of the 
tasks the users are to perform" from UP2. 
Feasibility of operation and maintenance 
REQ 22 (Process should focus on 
engineering process) 
Objectives for the operation and/or use of the software and 
hardware components of the system.  
UP2 Understand and specify the context of use 
To identify, clarify 
and record the 
characteristics of 
the stakeholders, 
their tasks and the 
social and physical 
environment in 
which the system 
will operate. 
Definition of the characteristics of the intended users. 
 
Definition and characterization of the tasks the users are to 
perform.  
Definition and characterization of the social and environment in 
which the system is used.  
Definition and characterization of the technical environment in 
which the system is used.  
The use of context analysis results in requirements to the interface 
design.  
The context of use is available and used at all relevant points in the 
system development.  
Definition of the characteristics of the intended users. 
 
UP3 Produce design solutions 
To create potential 
design solutions by 
drawing on 
established state-
of-the-art practice, 
the experience and 
knowledge of the 
users and the 
results of the 
context of use 
analysis. 
Results of socio-technical context of use analysis are considered in 
the design.  
User characteristics and needs will be taken into account in the 
purchasing of system components. 
There are no mandatory or optional 
requirements related to the Acquisition 
processes in the Basic Profile of the 
ISO/IEC TR 29110 series; Nor are they 
expected to be defined in the next ISO/IEC 
TR 29110 series profiles [87]. 
Results of the user analysis are taken into account in the design of 
the system.  
Existing knowledge of best practice from socio-technical systems 
engineering, ergonomics, psychology. 
REQ 19 (Little awareness on usability) 
Small organizations typically does not have 
HR with expertise in usability 
Cognitive science and other relevant disciplines will be integrated 
into the system. 
REQ 19 (Little awareness on usability) 
Small organizations typically does not have 
HR with expertise in usability 
Communication between stakeholders is improved because the 
design decisions are more explicit.  
The development team is able to explore several design concepts 
before they settle on one.   
Feedback from end users and other stakeholders is incorporated in 
the design early in the development process.  
It is possible to evaluate several iterations of a design and 
alternative designs.  
The user's tasks are analyzed in relation to their, navigation, 
hierarchy and information architecture.  
The design of all the user-related components of the system is 
specified, in terms of "look and feel".   
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The interface between the user and the software, hardware and 
organizational components of the system are designed.  
User training and support will be developed. 
ISO/IEC TR 29110-4 (Small enterprises 
generally are not responsible for the 
management, operation, integration and 
installation of the system.) 
UP4 Evaluate designs against requirements 
To collect feedback 
on the developing 
design. This 
feedback will be 
collected from end 
users and other 
representative 
sources. 
Feedback is provided to improve the design. 
 
There is an assessment of whether stakeholder and organizational 
usability objectives have been achieved or not.  
Long-term use of the system will be monitored 
ISO/IEC TR 29110-4 (Small enterprises 
generally are not responsible for the 
management, operation, integration and 
installation of the system.) 
Potential problems and scope for improvements in: the technology, 
supporting material and social or physical environment.  
Which design option best fits the functional and stakeholder and 
organizational requirements.  
Feedback and further requirements from the users. 
This outcome overlaps with the outcome 
"Feedback is provided to improve the 
design" from UP4. 
How well the system meets its organizational goals. 
This outcome overlaps with the outcome 
"There is an assessment of whether 
stakeholder and organizational usability 
objectives have been achieved or not" from 
UP4. 
Guarantee that a particular design meets the human-centered 
requirements.   
Conformity to international, national and/or statutory requirements, 
depending on the system domain.   
Table 3. Usability process’ purposes and outcomes 
5.3 UPCASE Process Assessment Model  
The UPCASE Process Assessment Model (PAM) is compliant with ISO/IEC TR 29110-3 [19] 
and contains the basis for collecting evidence and rating process capability. It contains the 
Process Dimension, which defines the set of processes that will be assessed (defined in the 
PRM) and the Capability Dimension, which defines the capabilities related to each process 
capability level and each process attribute. It defines the scope, indicators and a mapping for a 
Process Reference Model and a Measurement Framework.  
Again, in accordance to the identified requirements and the process defined by ISO/IEC TR 
29110-4, some practices of ISO/TR 18529 have been excluded or adapted to meet the 
requirements of the self-assessment method in this specific context. The adaptation of the 
practices aims at meeting requirements 6, 19, 20 and 25 identified in Section 4. Therefore, the 
practices are written in such a way that staff without SPI or usability knowledge can understand 
them. To accomplish this, the use of complex nomenclature and concepts and jargons from the 
usability domain was avoided. Furthermore, for each of the work products an example is 
provided, illustrating the expected result. Aiming at a "light" process, practices that overlap each 
other or that seem to complex in the context of small organizations were removed. The 
customization of the practices is presented in Table 4.  
 
Id. ISO/TR 18529 practices Customized UPCASE practices Justification for exclusion  
UP1 Specify stakeholder and organizational requirements 
1 Clarify system goals Identify system purpose. 
 
- Analyze stakeholders -- 
This practice overlaps with "Identify and 
document significant user attributes" practice. In 
addition, the basic profile of ISO/IEC TR 29110-
4 does not have any practice related to the 
analysis of the roles of each stakeholder group 
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besides the users. Characterization of the users is 
covered through UP2-Practice 6. 
- Assess H&S risk -- 
This practice has been removed in order to keep 
the process simple (REQ 19), and because it is 
contained in practice 6.  
2 Define system 
Define system performance and behavior 
requirements desired by the user.  
- Generate requirements -- 
This practice is performed in the context of the 
software engineering process (ISO/IEC 12207). 
Its output, however, should be used as input in 
the usability process, being necessary for the 
execution of practices 3 and 4. 
3 Set quality in use objectives Define usability requirements. 
 
UP2 Understand and specify the context of use 
4 
Identify and document user’s 
tasks 
Identify and describe the user’s tasks of the 
system.  
5 
Identify and document 
significant user attributes 
Identify user characteristics. 
 
6 
Identify and document 
organizational environment 
Identify social environment characteristics. 
 
7 
Identify and document 
technical environment 
Identify device characteristics. 
 
8 
Identify and document 
physical environment 
Identify physical environment characteristics. 
 
- Allocate functions -- 
This practice has been removed in order to keep 
the process simple (REQ 19), and because it is 
contained in practice 10.  
UP3 Produce design solutions 
9 
Produce composite task 
model 
Analyze user's tasks. 
 
10 Explore system design 
Develop and analyze design options during 
interface development.  
11 
Use existing knowledge to 
develop design solutions 
Develop design solutions using existing 
knowledge.  
12 Specify system and use 
Specify all user-related elements of the 
system.  
13 Develop prototypes 
Prototype all user-related elements of the 
system.  
- Develop user training -- 
ISO/IEC TR 29110-4 (Small enterprises 
generally are not responsible for the 
management, operation, integration and 
installation of the system.) 
- Develop user support -- 
ISO/IEC TR 29110-4 (Small enterprises 
generally are not responsible for the 
management, operation, integration and 
installation of the system.) 
UP4 Evaluate designs against requirements 
14 
Specify and validate context 
of evaluation 
Prepare prototype/system evaluation. 
 
- 
Evaluate early prototypes in 
order to define the 
requirements for the system 
-- 
This practice has been removed in order to keep 
the process simple (REQ 19), and because it 
might be contained in practice 15.  
15 
Evaluate prototypes and in 
order to improve the design 
Evaluate prototypes and system to find 
usability problems.  
16 
Evaluate the system in order 
to check that the stakeholder 
and organizational 
requirements have been met 
Evaluate system against usability 
requirements 
 
- 
Evaluate the system in order 
to check that the required 
practice has been followed 
Evaluate system to find usability problems. This practice has been removed in order to keep 
the process simple (REQ 19), and because it 
might be contained in practice 15.  
- 
Evaluate the system in use in 
order to ensure that it 
-- 
ISO/IEC TR 29110-4 (Small enterprises 
generally are not responsible for the 
14 
 
continues to meet 
organizational and user 
needs 
management, operation, integration and 
installation of the system) 
Table 4. UPCASE process practices 
In order to facilitate the understanding of its practices, ISO/TR 18529 provides a description for 
each of them (Table 5). These descriptions have been adapted in order to attend REQ 20, 
helping assessors to better understand the UPCASE practices.  
In order to better assist in the correct implementation of the usability process assessment, as 
well as to help the assessment team to verify if the usability practices of the SE are in 
accordance with the UPCASE assessment method, the UPCASE method provides additional 
artifacts, such as the description of the self-assessment process and the assessment 
questionnaire. The assessment questionnaire should be used during the assessment as a 
“roadmap”, which allows the assessment team to judge each practice of the UPCASE PRM. 
Therefore, the questionnaire includes one item to assess each of the practices of the usability 
process. To support the judgment of the performance of each practice of the usability process, 
the questionnaire presents an indicator for each of them. The indicators objectively demonstrate 
characteristics of the practices of the assessed process. Table 5 presents examples of the 
indicators, a complete definition is given in [48]. 
Id. Practice Description Indicator 
Example of 
techniques 
Example of 
work products 
UP1 Specify stakeholder and organizational requirements 
1 
Identify system 
purpose 
Identify and describe the purpose of 
the system, this is, the objective(s) 
that the user wants to achieve using 
the system. 
Our team identifies and 
describes the purpose of the 
system. 
Survey, 
brainstorming, 
interview, 
observation. 
Purpose(s) of 
the system 
2 
Define system 
performance and 
behavior 
requirements 
desired by the 
user. 
Identify the stakeholder's 
requirements regarding the behavior 
and performance of the system. The 
requirements cover each aspect of 
the system related to its use and its 
interface in a context of use. 
Our team identifies system 
performance and behavior 
requirements desired by the 
user. 
Survey, 
brainstorming, 
interview, 
observation. 
System 
performance 
and behavior 
requirements 
desired by the 
user. 
3 
Define usability 
requirements. 
Define an explicitly statement for 
each usability requirements, 
regarding its effectiveness, 
efficiency and user satisfaction 
based on the context of use analysis. 
The statements should be 
measurable objectives. 
Our team defines explicit 
statements of usability 
requirements based on the 
context analysis. 
Benchmarking with 
concurrent systems, 
synchronic analyzes 
formal work 
analyses. 
A list of 
usability 
requirements 
… … … … … … 
Table 5. Examples of practices descriptions and indicators 
Furthermore, suggestions of techniques and work-products are given for each indicator based on 
ISO/TR 18529, as well as a glossary. 
5.4 UPCASE Self-Assessment Process  
The purpose of the assessment process is to systematically guide the process assessment 
activities. The self-assessment process of the UPCASE method is based on the assessment 
process defined by ISO/IEC TR 29110-3, composed in four phases: Plan the assessment, Collect 
and validate the data, Generate results and Report the assessment, as presented in Figure 6. 
Activities that may be automated by UPCASE Tool are presented in yellow. The definition of 
the techniques and tools to perform each of these phases is based on good practices identified in 
literature. 
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Figure 6.  Self-Assessment process 
Plan the assessment. During this meeting the assessment plan as pre-defined by UPCASE 
should be revised and the resources, schedule and roles & responsibilities should be defined. 
The activities of this phase can be carried out during a meeting with some members of the 
organization, who are responsible for the usability process, as defined in the input Roles and 
Responsibilities.  
 
UPCASE 
Role 
Responsibilities Role description 
Sponsor a) verify that the individual who is to take responsibility for conformity of 
the assessment is a competent assessor (following the definition of 
“moderator” as given by the Inputs of UPCASE); 
b) ensure that resources are made available to conduct the assessment; 
c) ensure that the assessment team has access to the relevant resources. 
Some leadership position of the 
organization that realizes the need to 
assess the usability process, such as: 
Project manager, Development 
leader, UI Design leader. 
Moderator a) confirm the sponsor's commitment to proceed with the assessment; 
b) ensure that the assessment is conducted in accordance with the 
assessment method; 
c) ensure that participants in the assessment are briefed on the purpose, 
scope and approach of the assessment; 
d) ensure that all members of the assessment team have knowledge and 
skills appropriate to their roles; 
e) ensure that all members of the assessment team have access to 
appropriate documented guidance on how to perform the defined 
assessment activities; 
f) ensure that all assessors are able to participate in the assessment 
meeting. 
g) carry out assigned activities associated with the assessment, e.g. detailed 
planning, data collection &validation and reporting; 
Should be chosen by the sponsor. 
Preferably should be a professional 
with more knowledge about process 
assessment or usability. 
Assessor a) provide examples of work products and techniques as evidence of the 
execution of the process. 
b) rate the processes attributes. 
Assessors may be any employee 
who performs activities related to 
the usability process, such as 
designers, system analysts, testers, 
etc. 
Table 6. Definition of roles and responsibilities 
Collect and validate the data. During this phase the moderator presents the purpose of the 
process assessment. S/he presents the focus group methodology (assessment poker) and the self-
assessment process, as well as the inputs and expected outputs of the assessment. This activity is 
supported through a script. Then, data collection and validation are performed during an 
assessment meeting as illustrated in Figure 7. To conduct the assessment meeting, UPCASE 
provides a questionnaire that contains the items that should be assessed for each usability 
process, as well as the description of each of them with examples of work products and 
techniques. UPCASE also provides a deck of assessment poker cards representing the rating 
scale through 3 cards ("Not achieved", "Partially achieved", "Fully achieved"). 
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Figure 7. Assessment meeting activities 
During Assessment Poker, similarly to Planning Poker [88], the moderator presents an indicator 
from the UPCASE questionnaire, and, if necessary, consults further information (such as the 
glossary, examples of techniques and/or work products) for clarification. Then, each participant 
of the assessment team rates the degree of achievement of the indicator by choosing the 
respective card.  All participants at once turn over their card. In case of deviation of opinion, the 
assessors briefly justify their different opinions. Then again, each assessor expresses his/her 
opinion by selecting a card and turning them over, repeating this process until consensus is 
achieved. In order to validate the rating, the moderator may request examples of work products 
that demonstrate the achievement of the practice indicator from the participants. Once 
consensus is achieved, the moderator completes the response of the item in the UPCASE 
questionnaire. 
Generate results. After the assessment meeting the assessment results are generated based on 
the answers of the completed UPCASE questionnaire. The capability level and the profile of the 
usability process are derived from the process attribute ratings by calculating the usability sub-
process percentage of achievement (USPA) based on the indicator ratings: 
Formula 2: USPA= (( sub − process indicator ratings) /nºindicators*2)*100. 
Then the sub-process attribute capability rating is calculated based on its achievement 
percentage, as defined in ISO/IEC TR 29110 (Section 5.1). The usability process percentage of 
achievement (UPPA) is calculated based on the indicators ratings:  
Formula 2:UPPA= (( usability process indicators ratings) /nºindicators*2)*100. 
Report assessment results. Following the template provided by UPCASE, the report should 
summarize the assessment findings, the process profile, observed strengths and weaknesses and 
potential improvement actions. The report can also be generated automatically using the online 
UPCASE tool. Otherwise, the report may be prepared by any member of the organization that 
participated in the assessment. The assessment results are then presented during a meeting. The 
emphasis of the presentation should not be on the process rating, but rather on the items 
identified as improvement opportunities. During the meeting improvements actions may be 
discussed based on the assessment results. 
The detailed description of the UPCASE self-assessment process and artefacts is given in [48]. 
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5.5 UPCASE Tool 
In order to facilitate the self-assessment using the UPCASE method, a web–based application, 
called UPCASE Tool, was developed. The tool provides support for the performance of the 
assessment supporting the collection of responses to the UPCASE questionnaire, gives access to 
additional information (such as, glossary, work products, etc.) as well as automatically 
generates the assessment results and report. 
 
  
Figure 8. Example screenshots of the UPCASE tool 
The tool has been implemented to work with the PostgreSQL Database Manager System 
(DBMS), and was programmed in PHP and JavaScript languages. The UPCASE Tool is 
available online http://match.inf.ufsc.br:90/upcase/index_en.html in English and Brazilian 
Portuguese.  
6. UPCASE Application and Evaluation  
In order to evaluate the quality of the UPCASE method we conducted a series of evaluations as 
summarized in Table 7. 
 
Research question Research design Method for data collection Method for data analysis 
RQ1 Is the assessment method 
reliable? 
Observed case studies Questionnaire (UPCASE and 
on demographic data); 
Interview; Observation 
Intraclass correlation analysis 
Weighted Kappa analysis 
RQ2 Does the self-assessment 
method have good usability? 
Observed case studies  Questionnaire (UPCASE and 
on demographic data); 
Interview; Observation 
Analysis of the correct 
execution of the assessment 
process, the duration of the 
assessment and satisfaction of 
the participants. 
RQ3 Is the method 
comprehensible? 
Observed case studies  Questionnaire (UPCASE and 
on demographic data); 
Interview; Observation 
Analysis of examples 
provided for each item of the 
questionnaire and correct 
execution of the assessment 
process. 
RQ4 Is there evidence of internal Remote unobserved case  Cronbach’ alpha analysis 
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consistency in the UPCASE 
questionnaire? 
studies 
Table 7. Research questions, designs and data collection and analysis methods 
The characteristics evaluated by these research questions are: 
- Reliability: the overall consistency of a measure, that means, if the same measuring process 
provides the same results. A measure is said to have a high reliability if it produces similar 
results under consistent conditions [89]. 
- Usability: the extent to which a product can be used by specific users to achieve specific goals 
with effectiveness, efficiency and satisfaction in a specific context of use [90]. In the context of 
this work, that means, whether the self-assessment process and the supplementary material 
(glossary and examples) may be used with efficiency, efficacy and satisfy the users. 
- Comprehensibility: the extent to which a text as a whole is easy to understand [91]. In the 
context of this work, that means, the extent to which the items from the assessment 
questionnaire can be understood correctly. 
- Internal consistency: the degree in which a set of items are measuring a single quality factor, 
i.e., the capability of a usability process [69]. 
6.1 Observed Case Studies 
The evaluation of the reliability, usability and comprehensibility of the UPCASE method was 
done through case studies under the observation of a researcher [63]. The case studies consisted 
in the application of the UPCASE method in different small software organizations. The 
observed case studies were carried out in 4 small software organizations/projects in Brazil in 
October 2017, as shown in Table 8. The size of the assessment teams that participated in the 
case studies ranged from 12 to 47 persons. All small organizations develop web systems, 
including healthcare, governmental and marketing systems. Except for one, all participants of 
the assessment teams are either user interface designers or system analysts.  
 
Small organization 1 2 3 4 
Number of employees  30 12 47 18 
Domain / Platform  Governmental/Web Health/Web Health/Web Other/Web 
Number of participants  
4  (designers and 
system analysts) 
2 (designer and 
system analyst) 
7 (designers and 
system analysts) 
2 (front-end 
developers) 
Assessment duration (minutes) 20 60 80 43 
Table 8. Characteristics of the participating small organizations 
We invited the small organizations, via email, to participate in the study conducting a self-
assessment of their usability process using UPCASE. The assessment meeting was supported 
using the UPCASE Tool. The participants performed the assessment autonomously, without 
interference of the researcher regarding the self-assessment process or the interpretation of the 
items of the questionnaire. During the assessment, a moderator presented the items of the 
assessment questionnaire. After obtaining a consensual response regarding each item, the 
moderator answered the respective question of the online questionnaire. During the assessment 
the observer recorded data on the usability and comprehensibility of the questionnaire and self-
assessment process, including the duration of the assessment meeting, the usage of 
supplemental material, the correct interpretation of the questionnaire items, etc. After the 
assessment meeting the researcher asked the participants to present the work products cited as 
example during the meeting. Based on the information collected by the researcher, s/he also 
responded the UPCASE questionnaire separately for each of the participating organizations. 
The duration of the assessment varied between 20 minutes and 80 minutes. In general, the 
duration of the assessments was considered appropriate (with an average of about one hour). 
The only assessment that lasted more than an hour was the one with a larger number of 
participants (seven participants). As expected, the number of participants in the assessment 
meeting influences the duration of the assessment. However, the factor that mostly influences 
the duration of the assessment is how critical the participants are and how much they discuss 
each questionnaire item and the number of examples they provide. Another reason that led to a 
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longer duration of some assessment meetings was the attitude of the participants in trying to 
discuss how some of the items could be achieved, thus, initiating already an improvement of the 
usability process.  
The result of the process assessment carried out in the case studies shows, that despite the 
variation of ratings obtained by the small organizations, all of them implement the usability 
process partially (attribute process = “P”) (Table 9). In addition, it can be highlighted that in all 
four small organizations, the highest rated sub-process was UP3 (Produce design solutions) and 
the lowest rated was sub-process UP4 (Evaluate designs against requirements), indicating that 
the assessed small organizations have a greater capability in the development of design 
solutions, but do not yet adequately implement activities for evaluating the developed user 
interface designs. 
 
Small 
organization 
1 2 3 4 
 
Assessment 
score 
Attribute 
rating 
Assessment 
score 
Attribute 
rating 
Assessment 
score 
Attribute 
rating 
Assessment 
score 
Attribute 
rating 
Usability 
process 
35 P 69 P 63 P 50 P 
UP1 35 P 67 P 50 P 50 P 
UP2 30 P 70 P 60 P 50 P 
UP3 60 P 90 F 100 F 60 P 
UP4 0 N 34 P 50 P 33,33 P 
Table 9. Assessment score and attribute rating of the assessed small organizations 
RQ1 Is the assessment method reliable? 
Table 10 presents the responses to the UPCASE questionnaire from the assessment team of the 
organization (T) and the observer (O) during the observed case studies. The answers “Full 
achieved”, “Partially achieved” and “Not achieved” are respectively represented by “2”, “1” and 
“0”  .  
UPCASE Questionnaire Item 
Small organization 
1 2 4 4 
T O T O T O T O 
1 Our team identifies and describes the purpose of the 
system. 
2 2 2 2 1 2 2 2 
2 Our team identifies stakeholders' expectations regarding 
the performance and behavior of the system. 
0 0 1 0 1 0 1 0 
3 Our team defines explicit statements of usability 
requirements based on the context analysis. 
0 0 1 0 1 0 0 0 
4 Our team identifies and describes the characteristics of 
the tasks the user performs in the system. 
1 1 1 1 1 1 0 0 
5 Our team identifies and describes the characteristics of 
the users. 
0 1 1 1 0 1 1 1 
6 Our team identifies and describes the organizational and 
social characteristics regarding the environment in which 
the system will be use. 
1 0 2 1 2 1 1 1 
7 Our team identifies and describes the characteristics of 
the device with which the users will interact to use the 
system. 
1 2 2 2 2 2 1 2 
8 Our team describes the physical environment 
characteristics in which the system will be use. 
0 2 1 2 1 2 2 2 
9 Our team analyzes the use cases in terms of its flow, 
navigation, main screens and constraints. 
1 1 2 1 2 1 1 0 
10 Our team analyzes a range of design options for each 
aspect of the system related to its use and its interface. 
1 1 1 2 2 1 1 1 
11 Our team applies existing usability knowledge (such as 
stakeholder requirements, usability guidelines) in the 
system design. 
1 1 2 2 2 2 2 1 
12 Our team specifies each aspect of the system related to its 1 2 2 2 2 2 2 1 
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use and its interface. 
13 Our team prototypes high-fidelity each component of the 
system interfaces. 
2 2 2 2 2 2 0 0 
14 Our team plans the prototypes and system evaluation. 0 0 0 0 0 0 0 0 
15 Our team evaluates the usability of the prototypes. 0 0 0 0 1 0 2 0 
16 Our team evaluates the system in order to check if it 
meets the usability requirements. 
0 0 2 1 0 0 0 0 
Total 34,375 46,875 68,75 59,375 62,5 53,125 50 34,375 
Table 10. Assessment responses 
The results of both assessments were compared with the objective of evaluating the reliability of 
the method. Reliability was analyzed through an intra-class correlation analysis [68] and a 
Weighted Kappa concordance analysis [67]. Intraclass correlation coefficient analysis is an 
estimate of the fraction of the total variability of measures due to variations between 
individuals. Intraclass correlation values in the range [0.4; 0.75] are considered satisfactory, and 
values greater than 0.75 are considered excellent [92]. Analyzing the intra-class correlation 
regarding the items of the UPCASE assessment questionnaire related to each process, the 
following coefficient were obtained, as presented in Table 11.  
Questionnaire section Intraclass correlation coefficient 
Items of UP 1 - Specify stakeholder and organizational requirements -- 
Items of UP 2 - Understand and specify the context of use 0,5128 
Items of UP 3 -  Produce design solutions 0,7014 
Items of UP 4 - Evaluate designs against requirements 0,4285 
All sub-process items 0,5579 
Table 11. Intraclass correlation coefficient per questionnaire section 
The questionnaire items regarding the usability process 1 did not show variability in the results, 
which resulted in an undefined result. The intraclass correlation coefficient is calculated by the 
variance ratio. Since such values may be zero or negative, the use of this technique may lead to 
inconclusive results. On the other hand, the analysis of the questionnaire sections regarding the 
usability processes 2, 3, 4 and the usability process as a whole, presented a coefficient between 
0.4 and 0.75, being considered a satisfactory correlation. This provides a first indication that the 
UPCASE assessment questionnaire presents a fair to good reliability when used in different 
moments to assess the same objects. 
Analyzing the concordance between assessors regarding each item of the UPCASE assessment 
questionnaire, the Weighted Kappa coefficient was obtained, as presented in Table 12. 
Weighted Kappa measures the agreement between two raters, who each classify N items into C 
mutually exclusive categories. Weighted kappa allows to verify disagreements especially useful 
when codes are ordered [67]. Kappa over 0.75 is considered excellent, 0.40 to 0.75 fair to good, 
and below 0.40 as poor [93]. 
 
Small organization Weighted Kappa coefficient 
1 0,67033 
2 0,351351 
3 0,394958 
4 0,461538 
Table 12. Weighted Kappa coefficient per SE 
The results indicate that the organizations 1 and 4 obtained coefficients higher than 0,4 and 
organizations 2 and 3 obtained a coefficient close to 0.4. Therefore, the Weighted Kappa 
coefficients indicate that the UPCASE questionnaire allows a reasonable agreement between 
different assessors. 
RQ2 Does the method has good usability? 
An assessment method is considered to have good usability, if it is effective, efficient and 
satisfies the users, in this context the assessment team. During the case studies, all assessment 
teams were able to complete the self-assessment using the UPCASE method as planned without 
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external assistance, which demonstrates that the method can be effective. The participating 
organizations were able to identify their usability process capability and improvement 
opportunities. However, we observed that in one case, participants did not follow the indication 
to turn over the assessment poker cards at once, showing them as soon as each participant had 
made his/her decision. As a result, we observed that the rating process was dominated by 
participants that showed their opinion first. We also observed, that with a larger number of 
participants in the assessment meeting it may take more time and more poker rounds to achieve 
consensus.  
Considering that the assessment meetings lasted on average 50 minutes (with a maximum of 80 
minutes), being an acceptable amount of time, the UPCASE method may be considered 
efficient. 
When questioned in interviews after the assessment meeting, all participants indicated that they 
were satisfied with the way the assessment was conducted. One of the interviewees emphasized 
that the reason was the simplicity and quickness of the assessment process.  
RQ3 Is the method comprehensible? 
As the participants discussed each item of the questionnaire, the researcher observed whether 
they understood the items properly. This was perceived by the examples they provided to justify 
whether the respective practices were achieved or not. Based on these observations, we 
identified some items that need be better expressed and illustrated by more examples in order to 
prevent misinterpretations. The items that have turned out to be difficult to understand are 
presented in Table 13. 
 
Item Difficulty 
Small 
organization 
2.Our team identifies and describes system performance 
and behavior requirements desired by the user. 
Participants did not correctly understand the concept 
“performance”. 
1 and 3 
3.Our team defines explicit statements of usability 
requirements based on the context analysis. 
Participants did not correctly understand the concept 
“usability requirement”. 
2 and 3 
4. Our team identifies and describes the characteristics of 
the tasks the user performs in the system. 
Participants did not correctly understand the concept 
“task characteristics”. 
2 
Table 13. Questionnaire items that were misunderstood 
In addition, the use of the term "describe" used by the items 1, 4, 5, 6, 7 and 8 was considered 
confusing by the participants of the organization 1 and 3, who thought that the verb "describe" 
requires documenting the activity. Consequently, this item may be considered “not achieved”, 
even when the performance and behavior requirements are achieved but not documented.  
Therefore, the term “describe” has been substituted. Yet, considering the correct interpretation 
of the self-assessment process and the majority of the items of the assessment questionnaire, we 
can consider that the UPCASE is comprehensible.  
 
6.2 Unobserved Case Studies 
In addition to the observed case studies, we also conducted a series of remote unobserved case 
studies evaluating the internal consistency of the UPCASE method. To carry out these 
unobserved case studies, invitations were sent via email, social networks and forums to small 
organizations. The small organizations were asked to carry out a self-assessment of their 
usability process using the UPCASE method and tool (in English or Brazilian Portuguese). We 
collected the responses of the assessment questionnaire of each of the small organization that 
participated in the study, as well as demographic data (software platform and domain and 
number of employees). Data was collected from October, 2017 to January, 2018.  
In total 36 organizations participated in the study. The participating organizations work in a 
variety of domains, especially in information technology, health and government sectors mostly 
developing web systems. The results of the usability process assessments showed that most of 
the assessed small organizations partially implement the usability process. In general, we 
22 
 
observed, that the process with the highest capability is UP2: Understand and specify the 
context of use as shown in Figure 9. 
 
Figure 9.  Frequency of capability scores observed in the study 
RQ4. Is there evidence of internal consistency of the UPCASE questionnaire? 
The responses obtained from the case studies are used to evaluate the internal consistency of the 
UPCASE assessment questionnaire. To analyze the construct, we performed an analysis using 
Cronbach’s alpha. Cronbach α values greater than 0.7 are considered acceptable [94], thus, 
indicating internal consistency of the measurement instrument.  
Analyzing the items of the UPCASE assessment questionnaire, the value of Cronbach’s alpha is 
satisfactory (α = .914). This indicates strong evidence towards consistent answers, indicating the 
internal consistency of the measurement instrument. With the purpose of verifying if all items 
contribute to the reliability of the questionnaire, the Cronbach alpha coefficient was also 
calculated n times (“n” = number of items of the questionnaire), removing each time one of the 
questionnaire items (Table 14). 
 
Item 
removed 
α  Item 
removed 
α  Item 
removed 
α  Item 
removed 
α 
1 0.910850877 5 0.9077940077 9 0.9067474106 13 0.9075389559 
2 0.9116298484 6 0.906182051 10 0.9068246905 14 0.9071218217 
3 0.9092369495 7 0.907962094 11 0.9040393173 15 0.9093347639 
4 0.9145593958 8 0.9138603492 12 0.9071273581 16 0.9105609457 
Table 14. Alpha coefficient calculated with n-1 items 
As these values (Table 14) also are considered satisfactory, we can conclude that responses 
between the items are consistent and precise, indicating that the various items of the UPCASE 
assessment questionnaire purports to measure the same general construct. 
6.3 Discussion  
Based on existing SPCMMs and self-assessment methods, we systematically developed the 
UPCASE method in accordance with the specific characteristics of small organizations. Similar 
to most existing self-assessment methods we propose the use of a questionnaire for data 
collection. Yet, despite the wide adoption of questionnaires as a method for data collection, it 
does not come without shortcomings. The use of questionnaires may lead to unreliable 
responses (if the subject misinterprets a question) or/and lack completeness. Furthermore, 
questionnaires are typically answered individually, which makes it difficult to interact with the 
respondents in order to obtain further explanations on a given answer and/or to confirm the 
23 
 
correct understanding of the items. In this context, interviews for collecting data may solve 
these issues. Interviews, however, also present some disadvantages, such as high cost (requiring 
people to conduct the interviews) and the collection of a small sample of data (as the size of the 
sample is limited to the number of interviewees) [46]. Furthermore, if conducted individually, 
inconsistencies and conflicts between the responses may have to be resolved later on. Therefore, 
we propose the combination of focus groups using a questionnaire for data collection as part of 
the UPCASE method.  Focus groups are group interview that focus on a particular issue, 
product, service or topic and encompass the need for interactive discussion amongst participants 
[95]. Advantages of focus groups are that they allow the discussion of the indicators in order to 
achieve a consensus among a group of people. In comparison to individual interviews, focus 
groups can be more efficient capturing the opinion of a larger number of people at once as well 
as resolving conflicting responses immediately. 
On the other hand, the realization of focus group meetings may lead to group effects with 
participants trying to dominate the discussion, while others may feel inhibited. Thus, some 
participants may publicly agree with others, while privately disagreeing. As a consequence, a 
reported consensus may be an opinion that not all participants really endorse or even disagree 
with [96]. To mitigate this risk, UPCASE uses an adaption of Planning poker [88], a consensus-
based technique for estimating effort. We adapted this technique in order to assure the 
involvement of all participants in the decision-making process in order to increase the accuracy 
of the responses, while at the same time allowing the contribution of all participants. As result 
of the case studies, we also observed that in general the participating organizations were able to 
conduct the self-assessment process as expected, using only the material provided. Only one 
organization varied by not using the assessment poker technique. As a consequence, we 
observed that one participant dominated the conversation, while two other participants basically 
did not express their opinion. This shows how the use of assessment poker can help to gather 
the opinion of all participants.  
The participants gave positive feedback with respect to the UPCASE process, especially the 
way the data is collected, enabling a rapid process assessment in a reasonable amount of time.  
 
Having been conducted by employees of the small organizations, the results of the observed 
case studies also demonstrate that it may be possible to obtain valid assessment results using 
UPCASE. However, we also observed that the participants had difficulties in understanding 
some items of the assessment questionnaire (item 2: “Our team identifies and describes 
stakeholders' expectations regarding the performance and behavior of the system” , item 3 “Our 
team defines explicit statements of usability requirements based on the context analysis” and 
item 4 “Our team identifies and describes the characteristics of the tasks the user perform in the 
system”), which, thus, should be revised in order to facilitate comprehension. The analysis of  
the intra-class correlation coefficient with respect to the assessment questionnaire also showed 
an acceptable reproducibility of quantitative measurements made by different observers using 
the UPCASE method. Only questionnaire items with respect to UP1 “Specify stakeholder and 
user requirements” obtained inconclusive results and, thus, further cases studies are required to 
analyze this issue in more detail. The analysis of the weighted kappa coefficient indicated that 
the UPCASE method has a fair to good inter-rater agreement, which means that UPCASE is a 
fair to good method to assess the same object in different situations allowing agreement 
between assessors. Overall, the result indicated that the UPCASE questionnaire presents a fair 
degree of reliability when used in different moments to assess the same object. In terms of 
internal consistency, the results of the analysis indicate a satisfactory Cronbach alpha, which 
means that the items of the UPCASE questionnaire are measuring a single quality factor. These 
results, thus, provide a first indication that the UPCASE questionnaire is consistent and precise 
with respect to the assessment of the capability of the usability process of small organizations. 
6.4 Threats to Validity 
As in any research, there exist threats to its validity. Therefore, we identified potential threats 
and applied mitigation strategies in order to minimize their impact on the research results. 
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External Validity. Regarding external validity, a threat to the generalization of the results is 
related to the sample size and diversity of the data used for the evaluation [63]. With respect to 
sample size, we used data collected from observed and unobserved case studies, involving 4 and 
32 small software organizations, respectively. In terms of statistical significance in general, this 
is a small sample size [97], yet, typical for empirical studies in software engineering research 
[98]. In addition, although inviting organizations on a national and international level, most 
organizations that participated in the studies are located in the state of Santa Catarina/Brazil. 
This shows that, although the study provides first explorative results, there exists a need for the 
realization of further case studies in different regions/countries as well as with larger sample 
sizes. 
Internal Validity. Another issue refers to the correct choice of methods for conducting the data 
analysis. To minimize this threat, we performed a statistical evaluation based on the approach 
for the construction of measurement scales [69][69], and for assessing disagreement between 
respondents and measurement items correlation [67,68]. In respect to sample size and the user 
representativeness bias, we have used data collected from two series of case studies, involving a 
population of 4 and 32 organizations. In terms of statistical significance, these are small 
samples, yet, robust to estimate of the coefficient alpha (based on data from a total of 36 
organizations) [99] and sufficient to indicate the generation of initial reliable results via 
intraclass correlation analysis and the concordance analysis  (based on data from 4 
organizations) [100]. 
Construct Validity. Threats to construction validity are related to the data collection instrument 
which may not contain the set of questions necessary to answer the assessment question: “what 
is the capability of the assessed usability process?”. Therefore, we systematically developed the 
data collection instrument using the GQM approach, decomposing the assessment objective into 
indicators, operationalizing the data collection through a set of questionnaire items.  
Considering that the interpretation of the collected data can be a main threat to the validity in a 
research, we carefully analyze the subjective data to evaluate the usability and 
comprehensibility of the UPCASE method. To reduce the risk of misinterpretation, the analysis 
was based on the triangulation of the data obtained from the case studies via questionnaires, 
interviews and observations. 
7. Conclusion 
Observing a lack of support for lightweight assessments of the usability process, we propose 
UPCASE, a method for self-assessing the capability of the usability process in small 
organizations. The method is based on the ISO/IEC 29110 and ISO/TR 18529 standard and is 
customized with respect to the specific requirements of small organizations. UPCASE 
incorporates a usability process reference model, a measurement framework, self-assessment 
process and an assessment model, including a questionnaire for data collection accompanied by 
supplemental material (such as a glossary and examples of work-products) and is supported 
through a web-based tool. The UPCASE method has been applied in 4 observed case studies 
and 32 remote unobserved case studies, in which small software organizations self-assessed 
their usability process. Results of these case studies provide a first indication that the method 
may be reliable. Feedback also indicates that the method is easy to use and understandable even 
for non-SPI experts. The results also show that with UPCASE small organizations may be able 
to assess their usability process in a quick and efficient way, identifying improvement 
opportunities in order to improve the usability of their software products.  
 
Acknowledgements 
We would like to thank all participants in the application for their valuable effort. 
25 
 
This work was supported by the CNPq (Conselho Nacional de Desenvolvimento Científico e 
Tecnológico – www.cnpq.br), an entity of the Brazilian government focused on scientific and 
technological development. 
 
References 
[1] J. Krumm, Ubiquitous computing fundamentals, Chapman and Hall/CRC Press, 2016. 
[2] M. Pous, L. Ceccaroni, Multimodal interaction in distributed and ubiquitous computing, 
in: Int. Conf. Internet Web Appl. Serv., IEEE, Barcelona, 2010: pp. 457–462. 
[3] A.I. Wasserman, Software engineering issues for mobile application development, in: 
FSE/SDP Work. Futur. Soft Eng. Res., ACM, Santa Fe, NM, 2010: pp. 397–400. 
[4] T. Treeratanapon, Design of the usability measurement framework for mobile 
applications., in: Int. Conf. Comput. Inf. Technol., IEEE, Bangladesh, 2012: pp. 71–75. 
[5] N. Bevan, J. Carter, S. Harker, ISO 9241-11 revised: What have we learnt about 
usability since 1998?, in: Int. Conf. Human-Computer Interact., 2015: pp. 143–151. 
[6] ISO/IEC, ISO/IEC 9126-1 -- Software Engineering -- Part 1: Product Quality, Geneva, 
2001. 
[7] K. Grindrod, M. Li, A. Gates, Evaluating user perceptions of mobile medication 
management applications with older adults: a usability study, JMIR mHealth uHealth. 2 
(2014) 1. 
[8] R. Marcilly, E. Ammenwerth, R. Roehrer, S. Pelayo, F. Vasseur, M. Beuscart-Z?phir, 
Usability Flaws in Medication Alerting Systems: Impact on Usage and Work System, 
Year B. Med. Informatics. 10 (2015) 55–67. 
[9] J. Nielsen, Usability engineering, Elsevier, Amsterdam, 1994. 
[10] B. Biel, T. Grill, V. Gruhn, Exploring the benefits of the combination of a software 
architecture analysis and a usability evaluation of a mobile application. J. of Syst. and 
Softw, 83 (2010) 2031–2044. 
[11] P.F. Conklin, Bringing usability effectively into product development, in: Work. Human-
Computer Interface Des. Success Stories, Emerg. Methods, Real-World Context Success 
Stories, Emerg. Methods, Real-World Context, 1995: pp. 367–374. 
[12] R. Bias, D. Mayhew, Cost-justifying usability: An update for the Internet age, Elsevier, 
Amsterdam, 2005. 
[13] T. Jokela, Evaluating the User-Centredness of Development Organisations: Conclusions 
and Implications from Empirical Usability Capability Maturity Assessments, Interact. 
Comput. 16 (2004) 1. 
[14] C.H.B. Morais, R. Sbragia, Management of Multi-Project Environment by Means of 
Critical Chain Project Management : A Brazilian Multi-Case Study, in: Proc. PICMET 
’12 Technol. Manag. Emerg. Technol., 2012: pp. 2506–2516. 
[15] ISO/IEC, ISO/IEC 25010 - Systems and software engineering - Systems and software 
Quality Requirements and Evaluation (SQuaRE) - System and software quality models, 
Geneva, 2010. 
[16] N. Juristo, X. Ferre, How to integrate usability into the software development process, 
in: Proc. 28th Int. Conf. Softw. Eng., 2006: pp. 1079–1080. 
[17] SEI, CMMI for Development, Version 1.3, Software Engineering Institute, Carnegie 
Mellon University, 2010. 
[18] ISO/IEC, ISO/IEC 15504-1 - Information technology - Process assessment - Part 1: 
26 
 
Concepts and vocabulary, Geneva, 2004. doi:10.1002/(SICI)1099-
1670(199603)2:1<35::AID-SPIP29>3.0.CO;2-3. 
[19] ISO/IEC, TR 29110-1 - Software engineering - Lifecycle profiles for Very Small Entities 
( VSEs ) - Part 1: Overview, ISO, Geneva, 2016. 
[20] F. McCaffery, P.S. Taylor, G. Coleman, Adept: A unified assessment method for small 
software companies, IEEE Softw. 24 (2007) 24–31. 
[21] S.T. MacMahon, F. Mc Caffery, F. Keenan, Development and Validation of the 
MedITNet Assessment Framework: Improving Risk Management of Medical IT 
Networks, in: Proc. 2015 Int. Conf. Softw. Syst. Process, 2015: pp. 17–26. 
doi:10.1145/2785592.2785599. 
[22] S. Komi-Sirviö, Development and evaluation of software process improvement methods, 
VTT, 2004. 
[23] G. von Wangenheim, C. G., J.C. Hauck, C.F. Salviano, A. von Wangenheim, Systematic 
literature review of software process capability/maturity models., in: Int. Conf. Softw. 
Process. Improv. Capab. Determ., Pisa, 2010: pp. 1–9. 
[24] M.C. Paulk, Using the software CMM in small organizations, Pacific Northwest Softw. 
Qual. Conf. 350 (1998). 
[25] K. Tim, Practical insight into the CMMI (2 ed.), USA Artechhouse, Boston, MA, 2004. 
[26] T.C. Lacerda, C.G. von Wangenheim, Systematic literature review of usability 
capability/maturity models, Comput. Stand. Interfaces. 55 (2018). 
doi:10.1016/j.csi.2017.06.001. 
[27] T. Jokela, T. Lalli, Usability and CMMI: does a higher maturity level in product 
development mean better usability?, in: CHI’03 Ext. Abstr. Hum. Factors Comput. Syst., 
ACM, New York, 2003: pp. 1010–1011. 
[28] K. Eason, S.D. Harker, User centred design maturity, Intern. Work. Doc. (1997). 
[29] G.A. Flanagan, Usability Leadership Maturity Model (Self-assessment Version), CHI’. 
95 (1995). 
[30] J. Earthy, Usability maturity model: processes, 1999. 
[31] T. Jokela, M. Siponen, N. Hirasawa, J. Earthy, A survey of usability capability maturity 
models: implications for practice and research, Behav. Inf. Technol. 25 (2006) 263–282. 
doi:10.1080/01449290500168079. 
[32] R. Larrucea, R. O’Connor, R. Colomo-Palacios, C. Laporte, Software Process 
Improvement in Very Small Organizations, IEEE Softw. 33 (2016) 85–89. 
[33] S. Kar, S. Das, A. Rath, S. Rath, Self-assessment Model and Review Technique for 
SPICE: SMART SPICE, in: Int. Conf. Softw. Process Improv. Capab. Determ., 2012: 
pp. 222–232. 
[34] T. Jokela, A Method-Independent Process Model of User- MODEL, Springer, 2002. 
[35] S.K. Chang, Handbook of software engineering and knowledge engineering, World 
Scientific, 2001. 
[36] F. Yucalar, S.Z. Erdogan, A questionnaire based method for CMMI level 2 maturity 
assessment, J. Aeronaut. Sp. Technol. 4 (2009) 39–46. 
[37] G. von Wangenheim, A.& S.S.S. C. Anacleto, Helping Small companies assess software 
processes, IEEE Softw. 23 (2006). 
[38] H.M. Abushama, PAM-SMEs: process assessment method for small to medium 
enterprises, J. Softw. Evol. Process. 28 (2016) 689–711. 
27 
 
[39] ISO/IEC, ISO/IEC TR 29110-3 - Systems and software engineering - Lifecycle profiles 
for Very Small - Part 3: Assessment guide, Geneva, 2016. 
[40] C. Patel, M. Ramachandran, Agile Maturity Model (AMM): A software process 
improvement framework for agile software development practices, Int. J. Softw. Eng. 
IJSE. 2 (2009) 3–28. doi:10.4304/jsw.4.5.422-435. 
[41] T. Varkoi, Deployment Package Basic profile, 2009. 
[42] F.J. Pino, C. Pardo, F. García, M. Piattini, Assessment methodology for software process 
improvement in small organizations, Inf. Softw. Technol. 52 (2010) 1044–1061. 
doi:10.1016/j.infsof.2010.04.004. 
[43] S. Blanchette, K.L. Keeler, Self Assessment and the CMMI-AM: A Guide for 
Government Program Managers, (2005) 41. 
http://www.sei.cmu.edu/publications/pubweb.html. 
[44] T. der Wiele, A. Brown, R. Millen, D. Whelan, Improvement in organizational 
performance and self-assessment practices by selected American firms, Qual. Manag. J. 
7 (2000) 8–22. 
[45] L. Ritchie, B.G. Dale, Self-assessment using the business excellence model: a study of 
practice and process, Int. J. Prod. Econ. 66 (2000) 241–254. 
[46] A. SAUNDERS M. N. K.; LEWIS P.; THORNHILL, Research Methods for Business 
Students, 5th ed., Prentice Hall, Research Methods for Business Students, 2009. 
[47] J.A. Krosnick, S. Presser, Question and questionnaire design, Handb. Surv. Res. 2 
(2010) 263–314. 
[48] T.C. Lacerda, A Method For Self-Assessing The Capability Of The Usability Process In 
Small Organizations, Federal university of santa catarina, 2018. 
[49] E. Metzker, H. Reiterer, Use and Reuse of HCI Knowledge in the Software Development 
Lifecycle., in: T.G. Hammond, J. Wesson (Eds.), Usability, Springer US, 2002: pp. 39–
55. 
[50] D.J. Mayhew, The usability engineering lifecycle : a practitioner’s handbook for user 
interface design, Morgan Kaufmann Publishers, 1999. 
http://www.amazon.com/exec/obidos/redirect?tag=citeulike07-
20&path=ASIN/1558605614. 
[51] ISO/IEC, ISO 18529 - Ergonomics -Ergonomics of human- system interaction - Human-
centred lifecycle process descriptions, Geneva, 2000. 
[52] ISO/IEC, ISO/IEC 13407 - Human-centred design processes for interactive systems, 
Geneva, 1999. 
[53] ISO/IEC, ISO/IEC 15504-4 - Information Technology - Process Assessment - Part 4: 
Guidance on use for Process Improvement and Process Capability Determination, 
Geneva, 2003. 
[54] ISO/IEC, 15504-5 - Information Technology - Process Assessment - Part 5: An exemplar 
Process Assessment Model, 2005. 
[55] F. Coallier, R. McKenzie, J. Wilson, J. Hatz, Trillium Model for Telecom Product 
Development & Support Process Capability, Release 3.0, Internet Ed. (1994). 
[56] E. Emam, K., & GOLDENSON, D., An Empir. Rev. Softw. Process Assessments. 53 
(2000) 319–423. 
[57] ISO/IEC, ISO/IEC 15504-2 Information technology - Process assessment - Part 2: 
Performing an assessment, Geneva, 2003. 
[58] K. Petersen, R. Feldt, S. Mujtaba, M. Mattsson, Systematic Mapping Studies in Software 
28 
 
Engineering., in: Proceeding EASE’08 Proc. 12th Int. Conf. Eval. Assess. Softw. Eng., 
BCS Learning & Development, Italy, 2008: pp. 68–77. 
[59] J.C.R. Hauck, Um Método de Aquisição de Conhecimento para Customização de 
Modelos de Capacidade/Maturidade de Processos de Software, UFSC, 2011. 
[60] V.R. Basili, G. Caldiera, H.D. Rombach, Goal and Question Metric Paradigm, in: J.J. 
MARCINIAK (Ed.), Encycl. Softw. Eng., John Wiley and & Sons, 1994: pp. 528–532. 
[61] M. Kasunic, Designing an Effective Survey, Software Engineering Institute / Carnegie 
Mellon University, Pittsburgh, 2005. 
[62] S. Beecham, T. Hall, C. Britton, M. Cottee, A. Rainer, Using an Expert Panel to Validate 
a Requirements Process Improvement Model, J. Syst. Softw. 76 (2005). 
[63] C. Wohlin, P. Runeson, M. Höst, M.C. Ohlsson, W.A. Regnell B., Experimentation in 
software engineering, Springer Science & Business Media, New York, 2012. 
[64] S.T. Acuña, A. Antonio, X. Ferré, M. López, L. Maté, The Software process: modeling 
evaluation and improvement. Handbook of Software Engineering and Knowledge 
Engineering, Handb. Softw. Eng. Knowl. Eng. 0 (2000) 35. 
[65] B.P. Model, Notation (BPMN) version 2.0, OMG Specif. Object Manag. Gr. (2011) 22–
31. 
[66] R.S. Pressman, Software engineering: a practitioner’s approach, Palgrave Macmillan, 
2005. 
[67] J. Cohen, A coefficient of agreement for nominal scales, Educ. Psychol. Meas. 20 (1960) 
37–46. 
[68] R.A. Fisher, Statistical methods for research workers, Genesis Publishing Pvt Ltd, 1925. 
[69] L.J. Cronbach, Coefficient alpha and the internal structure of tests, Psychometrika. 16 
(1951) 297–334. 
[70] D. Mishra, A. Mishra, Software process improvement in SMEs: A comparative view, 
Comput. Sci. Inf. Syst. 6 (2009) 111–140. 
[71] A. Anacleto, Método e Modelo de Avaliação para Melhoria de Processos de Software 
em Micro e Pequenas Empresas, UFSC, 2004. 
[72] M.-L. Sánchez-Gordón, R. V O’Connor, Understanding the gap between software 
process practices and actual practice in very small companies, Softw. Qual. J. 24 (2016) 
549–570. 
[73] M. Mirna, M. Jezreel, C. Gonzalo, others, Expected requirements in support tools for 
software process improvement in SMEs, in: 2012 IEEE Ninth Conf. Electron. Robot. 
Automot. Mech., IEEE, 2012: pp. 135–140. 
[74] M. Sulayman, C. Urquhart, E. Mendes, S. Seidel, Software process improvement success 
factors for small and medium Web companies: A qualitative study, Inf. Softw. Technol. 
54 (2012) 479–500. 
[75] I. Garcia, C. Pacheco, D. Cruz, Adopting an RIA-Based Tool for Supporting 
Assessment, Implementation and Learning in Software Process Improvement under the 
NMX-I-059/02-NYCE-2005 Standard in Small Software Enterprises, Softw. Eng. Res. 
Manag. Appl. (2010) 29–35. 
[76] R. Anacleto, C.G. Von Wangenheim, C.F. Salviano, R. Savi, S. Brasil, C.S. Brasil, A 
method for process assessment in small software companies, in: 4th Int. SPICE Conf. 
Process Assess. Improv., Citeseer, Lisbon, 2004: p. 8. 
[77] R. V O’Connor, Exploring the role of usability in the software process: A study of irish 
software smes, in: Softw. Process Improv., Springer, Berlin, 2009: pp. 161–172. 
29 
 
[78] A.B. Renzi, A. Chammas, L. Agner, J. Greenshpan, Startup Rio: user experience and 
startups, in: Int. Conf. Des. User Exp. Usability, Springer, 2015: pp. 339–347. 
[79] D. Hering, T. Schwartz, A. Boden, V. Wulf, Integrating usability-engineering into the 
software developing processes of SME: a case study of software developing SME in 
Germany, in: Proc. Eighth Int. Work. Coop. Hum. Asp. Softw. Eng., 2015: pp. 121–122. 
[80] B. Fuchs, T. Ritz, J. Strauch, Usability of mobile applications: dissemination of usability 
engineering in small and medium enterprises, in: Int. Conf. Data Commun. Networking, 
E-Bus. Opt. Commun. Syst., SciTePress, Rome, 2012: p. 5. 
[81] A.M. Kalpana, A.E. Jeyakumar, Software process improvization framework using fuzzy 
logic based approach for Indian small scale software organization, Int. J. Comput. Sci. 
Netw. Secur. 10 (2010) 111–118. 
[82] F.J. Pino, F. Garcia, M. Piattini, Software Process Improvement in Small and Medium 
Software Enterprises: A Systematic Review, Softw. Qual. J. 16 (2008) 237–261. 
doi:10.1007/s11219-007-9038-z. 
[83] N. Habra, S. Alexandre, J.M. Desharnais, C.Y. Laporte, A. Renaul, Initiating software 
Process Improvement in very small enterprises experience with light assessment tool, 
Inf. Softw. Technol. 50 (2008) 1. 
[84] L. Hokkanen, K. Kuusinen, K. Väänänen, Minimum Viable User EXperience: A 
Framework for Supporting Product Design in Startups, in: H. Sharp, T. Hall (Eds.), Agil. 
Process. Softw. Eng. Extrem. Program., Springer International Publishing, Cham, 2016: 
pp. 66–78. 
[85] F. Scheiber, D. Wruk, A. Oberg, J. Britsch, M. Woywode, A. Maedche, F. Kahrau, H. 
Meth, D. Wallach, M. Plach, Software Usability in Small and Medium Sized Enterprises 
in Germany: An Empirical Study, in: Softw. People, Springer, 2012: pp. 39–52. 
[86] A. Majchrowski, C. Ponsard, S. Saadaoui, J. Flamand, J.-C. Deprez, Software 
development practices in small entities: an ISO29110-based survey, J. Softw. Evol. 
Process. 28 (2016) 990–999. 
[87] SEBRAE, Normas e certificações em software - qual serve melhor para mim? ISO/IEC 
29110 / ISO 9000 / CMMI / MPS-BR., Brasília, 2013. 
[88] J. Grenning, Planning poker or how to avoid analysis paralysis while release planning, 
Hawthorn Woods Renaiss. Softw. Consult. 3 (2002). 
[89] W.M.K. Trochim, Theory of reliability, (2006). 
[90] ISO/IEC, ISO/IEC 9241-11 - Ergonomic requirements for office work with visual 
display terminals (VDTs) - Part 11: Guidance on usability, Geneva, 1998. 
[91] issco, Comprehensibility, (2016). 
https://www.issco.unige.ch/en/research/projects/isle/femti/html/180.html (accessed 
February 5, 2018). 
[92] D. V Cicchetti, Guidelines, criteria, and rules of thumb for evaluating normed and 
standardized assessment instruments in psychology., Psychol. Assess. 6 (1994) 284. 
[93] J.L. Fleiss, B. Levin, M.C. Paik, Statistical methods for rates and proportions, 3rd ed., 
John Wiley & Sons, 2013. 
[94] R.F. Devellis, Scale development: theory and applications, 4th ed., SAGE Publications, 
2016. 
[95] D. Carson, A. Gilmore, C. Perry, K. Gronhaug, Qualitative marketing research, Sage, 
Thousand Oaks, 2001. 
[96] D. Stokes, R. Bergin, Methodology or “methodolatry”? An evaluation of focus groups 
30 
 
and depth interviews, Qual. Mark. Res. An Int. J. 9 (2006) 26–37. 
[97] J.A. McCall, P.K. Richards, G.F. Walters, Factors in Software Quality, Voll. I, II, III: 
Final Tech. Report, 1977. 
[98] M. Jørgensen, T. Dybå, K. Liestøl, D.I.K. Sjøberg, Incorrect results in software 
engineering experiments: How to improve research practices, J. Syst. Softw. 116 (2016) 
133–145. 
[99] H. Yurdugül, Minimum sample size for Cronbach’s coefficient alpha: a Monte-Carlo 
study, Hacettepe Üniversitesi J. Educ. 35 (2008) 397–405. 
[100] M.A. Bujang, N. Baharum, Guidelines of the minimum sample size requirements for 
Kappa agreement test, Epidemiol. Biostat. Public Heal. 14 (2017). 
 
